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Abstract of thesis presented to the Senate of Universiti Putra Malaysia In  
fulfi l lment of the requirement for the degree of Doctor of Philosophy 
THE PREVALENCE OF WHITE SPOT DISEASE IN PENAEUS MONODON 
IN RELATION TO ENVIRONMENTAL CHANGES AND THE OCCURRENCE 
OF APOPTOSIS 
By 
ABEER HASSAN SAHTOUT 
March 2003 
Chairman: Hassan Hj. Mohd Daud, Ph.D. 
Faculty: Veterinary Medicine 
White spot d isease (WSD) is an important viral d isease of cultured 
penaeid shrimp. Despite the amount of research that has been carried out on 
this d isease, much sti l l  remains to be done. This study was undertaken to 
examine the effect of d ifferent environmental parameters on the occurrence 
and severity of outbreaks of WSD. The study also u ndertook to investigate the 
occurrence of apoptosis and presence or activation of related genes that m ight 
result from virus infection. 
Black tiger shrimp Penaeus monodon and pond water samples were 
collected from four shrimp farms located along the coast of Peninsular 
Malaysia, to investigate the relationship between environmental changes and 
the occurrence of WSD. In the study, it was found that occurrence of WSD was 
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more widespread during the wet season, i n  association with sudden drops i n  
water temperature and sali nity. 
Laboratory experiments were also conducted to i nvestigate the 
relationship between sal in ity, temperature and the occurrence of WSD. Al l the 
shrimp exposed to sudden i ncreases i n  temperature and then returned to 
normal temperature in association with changed sal in ity were dead within four 
days of exposure. However, shrimp maintained at low sal i nity were less 
susceptible to d isease. 
To study the development of white spot lesions during i nfection, shrimp 
were exposed to white spot syndrome virus (WSSV) via the water borne route. 
At one-hour post exposure, electron microscopy revealed the appearance of 
white spots, which were oval or ovate i n  shape. White spots were visible by the 
naked eye three days post infection. The study a lso showed that there were 
two types of white spots, one related to viral i nfection, and the other related to 
bacterial infection. An epicommensal Zoolhamnium sp. was able to penetrate 
the shrimp cuticle at these bacterial white spots. 
H igh numbers of apoptotic cel l s  were identified i n  moribund P. monodon 
i nfected with WSSV. Apoptotic cel l s  showed DNA fragmentation by TUNEL 
fluorescence assay and gel electrophoresis of DNA extracts, whi le H&E 
stained sections revealed nuclear enlargement and chromatin condensation 
and margination in degenerated cells. The numbers of such cells present in 
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tissues of WSSV i nfected shrimp increased with increasing severity of infection 
as determined by gross signs of white spots on the cuticle, number of i nclusion 
bodies in  histopathological sections and by s ingle and double-step (nested) 
peR assay. The results suggested that apoptosis might be impl icated in 
shrimp death caused by this virus. 
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Abstrak tesis yang dikemukakan kepada Senat Univers iti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 
PREVALEN PENYAKIT BINTIK PUTIH D ALAM PENAEUS 
MONODON B ERKAIT DENGAN PERUBAHAN PERSEKITARAN DAN 
KEHADIRAN APOPTOSIS 
Oleh 
ABEER HASSAN SAHTOUT 
Mac 2003 
Pengerusi: Hassan Hj. Mohd Daud, Ph.D. 
Fakulti : Perubatan Veterinar 
Penyakit B intik Putih (PBP) merupakan satu penyakit virus yang penting 
dalam udang ternakan. Walaupun telah banyak penyelid ikan d ijalankan ke 
atas penyakit in i ,  masih banyak lagi belum d iketahui mengenainya. Kajian in i  
telah d ijalankan untuk memahami kesan parameter persekitaran yang 
berlainan ke atas kejadian dan keterukan wabak PBP. Kajian ini juga 
d ijalankan untuk menyiasat kejadian 'apoptosis' dan kehadi ran atau 
pengaktifan gen-gen yang berkaitan akibat jangkitan virus .  
Sampel udang harimau Penaeus monodon dan a i r  kolam telah d iambil 
dari empat buah ladang udang yang terletak di sepanjang persisiran 
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Semenanjung Malaysia, untuk menyiasat perhubungan d i  antara perubahan 
persekitaran dan kejadian PBP. Oi dalam kajian ini, di dapati kejadian 
jangkitan PBP lebih meluas semasa musim hujan,  sejajar dengan kejatuhan 
mengejut suhu dan saliniti. 
Eksperimen makmal juga telah d ijalankan untuk menyiasat 
perhubungan di antara saliniti, suhu dan kejadian PBP. Udang yang 
didedahkan kepada suhu yang meningkat secara mendadak dan kemudiannya 
d iturun semula ke paras normal serentak dengan perubahan sal initi , 
menunjukkan kematian pada hari ke empat eksperimen d ijalankan. 
Bagaimanapun ,  udang yang diletakkan di dalam salin iti yang rendah adalah 
kurang terdedah kepada jangkitan. 
Kajian juga t-elah d ijalankan terhadap perkembangan bintik putih 
semasa jangkitan,  d i  mana udang telah didedahkan kepada virus bintik putih 
melalui jangkitan air. Pada masa satu jam jangkitan d ilakukan, m ikroskopi 
elektron mendedahkan kemunculan bintik-bintik putih yang berbentuk bujur 
atau bulat. Selepas tiga hari jangkitan ,  bintik putih dapat d i l ihat dengan mata 
kasar. Kajian in i  juga menunjukkan terdapat dua jenis b intik, iaitu b intik yang 
berkait dengan jangkitan virus dan juga yang d isebabkan jangkitan bakteria. 
Satu spesis epikomensal Zoothamnium sp, telah menembusi kutikel udang di 
tempat bintik putih oleh bacteria .  
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T erd apat bilang an sel apoptotik yang ting g i  d alam Penaeus monodon 
nazak yang telah dijang kiti WSSV. Sel apoptotik menunjukkan pecahan DNA 
d eng an asai TUNEL kepend arfluoran dan elektroporesis g el ekstrat DNA, 
manakala pewarnaan H&E mend ed ahkan hipertropi nukleus, kond ensasi dan 
marg inasi kromatin d alam sel yang meng alami deg enerasi. Bilang an sel 
sepert i ini yang had ir pad a tisu ud ang yang telah dijang kiti WSSV bertambah 
d eng an mening katnya d arjah kerosakan seperti yang ditunjukkan d eng an 
tand a-tand a kasar bintik putih d i  atas kutikel, bilang an bad an-bad an inklusi d i  
d alam bahag ian histopatolog i, d an melalui asai peR (tersarang ). Keputusan 
menunjukkan apoptosis mung kin terlibat d i  d alam kematian ud ang yang 
d isebabkan oleh virus ini. 
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cuticle showing TGO (X5,0 0 0 )  (arrowhead) .. ...... . .. ....... . 
(A) Low magnification (X400 ). (8) Flattened white spot at 
3 -hrs post infection. Note the whitish material at the edge 
of the spot, containing high calcium (arrow). Spots 
measured 15Jlm in diameter. SEM (X3 ,700 ); (C) Normal 
cuticle showing TGO (arrowhead). (X5,0 0 0 )  ... . .. .. .. .. .  .. 
White spot at 4-hrs post infection. (A) Note the flattened 
round shape X4,0 0 0 , spot measured 17Jlm in diameter 
(8) Note the appearance of voids within the spot (arrow) 
(X4,50 0 ), spot measured 14Jlm in diameter. (C) Cuticle 
from control group, showing TGO (arrowhead) 
(X5,00 0 )  ................ ............... .................. ..... ... .... .... . 
Advanced stag e of infection, where spots have increased 
in size and numbers. (A) Edges changed from round to 
irreg ular shape and there was an increase in the number 
of granules in the center of the spots. Note the center 
hole (arrow), (X1,500 ). Spots measure about 2 0 Jlm. (8) 
Another type of spot. Note the deposition of granules 
around the border (arrow) (X1 , 100 ). Spots measured 
about 30 Jlm (C) Hig h magnification of the granules 
(X3 ,0 0 0 ). (D) Cuticle from control group, showing clear 
surface and TGO (X5,0 0 0 )  (arrowhead) ... .. ... . . .. ..... ... . .. 
4.6 (A) Spots surrounded by thick granular deposits high in 
calcium content. Spots measured approximately 22 -27 
J-lm in diameter (X350 ). (8) Spots merg ed to form a larg e 
"colonies". Arrow ind icates the marg in of one larg e colony 
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100 
101 
102 
103 
10 4 
(7 days post infection), (X150 )..... . ........ ..... ................. 10 5 
4.7 (A) Scanning electron microscopy (X400 ); (8) light 
microscope showing the borders of spot colonies 
comprising fine white granules. Note the large, lichen­
shape of the grossly visible colony. (Colony diameter 
measure approximately 5 0 /-lm)..... . .. . ... . . . .. ... ...... . . .. .  106 
4.8 The second form of the white spot. Note the undulating 
wave-like appearance on the carapace surface and the 
presence of the centre of new spots. (X1,4 0 0 ). (8) Cuticle 
from control group (X5 , 0 0 0 ), arrowhead indicating TGO... 109 
4 .9 Spot centres which developed into polygonal morphology 
(A) Low magnification (X350 ), spot measured 
approximately 40 -5 0  /-lm in diameter. (8) At high 
magnification (X1,4 0 0 ). (C) control from normal cuticle 
arrow head is indicating the TGO. (X5 ,0 0 0 )  ........... ...... '" 110 
4. 10 Spots at 7 days post infection manifesting flower petals 
shaped. (A) SEM micrograph of .spot measuring 5 0  Jlm in 
diameter. (8) Light microscope of spot A (X2 5 0 )  (C) SEM 
micrograph measuring 5 7  �m (0) Light microscope of 
spot C (X5 0 0 ).. ...... .. ... .... .. ...... ... . .. .. ........ .  .... .... ..... .  111 
4.11 Micrograph showing the spots at the late stage of 
development (8 days post infection). Note the spot started 
to peel off from the carapace (A) low magnification of spot 
(90 -10 0 ,  /-lm in diameter). (i) Other type of surface spots 
(ii) crystalline plate in exocuticle (iii) torn epicuticle (8) 
High magnification of same spot showing torn epicuticle 
(SEM X40 0 ). (iv) Underly ing crystalline plates in 
exocuticle (X2 ,2 0 0 )  (v) epicuticle (vi) tegmented gland 
duct opening...... ........ ................. .. . .................... ..... 112 
4. 12 SEM micrograph showing the presence of hole in the 
center of the viral spots (A) High magnification showing 
the calcium deposits (X4 ,00 0 ) . (B) The second type of 
spot. Note the presence of deposit around tegmental 
gland duct opening (arrow). The holes measure 
approximately about 1 /-lm in diameter (X1 ,0 0 0 )........... . .. 113 
4. 13 Wet-mount showing the cuticle at different stages of 
infection. (a) Normal cuticle showing normal pigment 
cells. (b) Early stage post infection showing cuticle 
21 
pigment cells starting to degenerate. (c, d) Late stages 
post infection showing further degradation of pigment 
cells (X250).... ................... .. ...... ....... ...... ........ ... ..... 114 
4.14 Wet-mount microscopy showing (A) white spots caused 
by bacteria. Note lichen-like with concentric rings (arrow). 
(B) Bacteria within and around the spots 
(arrowhead)............ ............. ................................... 115 
4.15 SEM micrograph showing spots caused by bacteria. (A) 
Note the perforated area and destruction of cuticle 
surface show spots measure 24�m. (B) Bacterial colonies 
within the spots. These spots measure 20-3 0 �m, 
(X2000).............. ............... ............... ...... ......... ...... . 1 16 
4.16 Rod shaped bacteria penetrating the cuticle surface 
(arrow). (X3, 300). ............ .... ... . ....... ...... .... ... .. ... ... .... 117 
4.17 Scanning electron microscopy showing slender rod­
shaped bacteria in shrimp gill (A) filament epithelium from 
shrimp infected with bacteria. Note the foci of bacteria 
colonisation on lamellar surface (arrow) and in 
interlammellar space. (B) HeavY bacterial colonisation of 
an area of gill filament. (C) Normal gill lamellae (X1, 000)... . 119 
4.18 (A&B) Zoothamnium sp. penetrating the shrimp cuticle 
through the holes at the site of the bacterial spots. (c) 
Wet-mount from cuticle showing a colony of zoothamnium 
sp...................................... ................. ............ ....... 12 0 
4.19 Histopathological sections of shrimp gill. (A) Basophilic U­
shaped nuclei of internal Zoothamnium are apparent 
(X125 ). (B) Gill section shows external Zoothamnium. 
(H&E). (arrow).... ................ .......................... ..... . ..... 121 
4.2 0  Underside of cuticle showing (A) Zootha mni um' s roots. 
Note the presence of bacteria and mucus on the root 
X150. (B&C) A cluster of bacteria around parasite stalk at 
a spot. (X2 ,500). ... .... .... .  ...... ........ ................... ......  .... 122 
4.21 SEM showing (A) bacterial white spots measuring from 
24 -3 8�m in diameter (arrowheads) (B) V iral white spots 
(small arrows), measuring 34-6 0�m in diameter........... ... 12 3 
5 .1 H&E stained sections showing cells with different phases 
of infection by WSSV display ing intranuclear inclusion 
22 
5.2 
5.3 
bodies (bold arrow), and early stage of inclusion bodies 
that are eosinophilic, and marginated chromatin by an 
artifactual halo (arrowhead). (X1 ,250) .... .... .... ... ..... ... ... .  , 137 
Fluorescence photomicrographs of tissue from normal 
and WSSV infected shrimp assayed using fluorescent­
labelled TUNEL kit. Normal nuclei fluoresce red while 
those with fragmented DNA fluorescence green. (A) 
Hepatopancreas tissue from a normal shrimp showing 
nuclei with only red fluorescence, (X2 00). (8) Abdomen 
tissue from a shrimp specimen positive for WSSV by 
nested PCR only and showing a few hypertrophied nuclei 
with green fluorescence, (X1, 000) (e)Abdomen tissue 
from shrimp positive for WSSV by 1 st step peR and 
showing large numbers of nuclei with green fluorescence, 
(X1 , 000) .. ........ .... ... .... ...... .... ...... .... .... .... .... ... ... ..... .. 
DNA laddering from shrimp samples that gave positive 
reactions for WSSV by PCR testing. (A) WSSV positive 
by nested peR (8) WSSV positive by 1-step peR, (e) 
"-Hind III marker. ... ...... ... ..... ..... .... ..... ... .... ... .... ... ... ... . 
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